With the advent of the digital revolution, language testers have endeavored to utilize state-of-the-art computer technology to satisfy the ever-growing need for a tool to measure English communication skills with maximal accuracy and ef ciency. Thanks to the concerted efforts made by experts in such elds as computational linguistics, computer engineering, computer-assisted language learning, and psychometrics, language testers have recently succeeded in developing computer/web-based language tests. Among them are the TOEFL CBT by Educational Testing Service and CommuniCAT by the University of Cambridge Local Examinations Syndicate. As with the paper-based language test (PBLT), more rigorous research is now being conducted on the validity of computer-based language tests (CBLT) and computer adaptive language tests (CALT). Content analyses and comparability studies of PBLT and CBLT/CALT are prerequisites to such validation research. In this context, utilizing an EFL test battery entitled the Test of English Pro ciency developed by Seoul National University (TEPS), the present study is aimed at addressing the issue of the comparability between PBLT and CBLT based on content and construct validation employing content analyses based on corpus linguistic techniques in addition to such statistical analyses as correlational analyses, ANOVA, and con rmatory factor analyses. The ndings support comparability between the CBLT version and the PBLT version of the TEPS subtests (listening comprehension, grammar, vocabulary, and reading comprehension) in question.
Comparability of a paper-based language test and a computer-based language test
I Introduction
Computer-based tests (CBT) and computer adaptive tests (CAT) with more sophisticated estimating algorithms have been the focus of much research in the eld of psychometrics since the early 1970s. However, computer-based language tests (CBLT) and computer adaptive language tests (CALT) have attracted attention from language testers for only a decade or so. The reasons are basically two-fold. One of them Inn-Chull Choi, Kyoung Sung Kim and Jaeyool Boo 297 scores of four components (listening, reading, grammar, and vocabulary) ; and · con rmatory factor analyses to investigate the construct-related validity of the subtest scores of CBLT and PBLT.
Results of this research may be useful in providing direction for research on CALT, which requires much more sophisticated testing procedures and estimation algorithms.
II Literature review 1 Comparability of PBLT and CBLT/CALT
Despite the ever-growing interest in CBLT/CALT, very little research has been conducted on the comparability between PBLT and CBLT/CALT. On the other hand, quite a lot of research has been done on CAT/CBT-related psychometric topics. The major factors which signi cantly affect test performance that have been investigated in previous comparability studies include:
· prior exposure to computers (computer familiarity) and computer anxiety factors; · the task types of multiple choice items; · the existence of graphic information; · the inclusion of lengthy reading passages; · speededness/time constraints; and · the type of computer interface.
Most of the research has presented ambiguous or con icting ndings, presumably due to idiosyncratic differences in many variables, including previous exposure to computers, attitudes toward computer technology, intelligence, and educational background (Mazzeo & Harvey, 1988; Mead & Drasgow, 1993; Schaeffer et al., 1993; Russel & Haney, 1997; Vispoel et al., 1997; 2001) . The most recent studies on technical considerations regarding comparability are the Guidelines for Computer-based Tests and Interpretations (APA, 1986) and Bugbee (1996) , which address the issue of criteria used in cross-mode comparability studies.
Comparability research can be de ned as an investigation into the comparability of test methods or test tasks represented in different testing modes. The standard psychometric procedures to investigate comparability are as follows. First, psychometric characteristics of the two tests in question are considered, such as the distribution, rank, and correlation of scores on the two tests. When such psychometric characteristics meet certain criteria, more sophisticated research methods such as structural equation modeling or con rmatory factor analysis (CFA) are employed. If the results of this research are satisfactory, then the two tests are considered comparable from the psychometric perspective (Green et al., 1984; Van de Vijver & Harsveld, 1994; Neuman & Baydoun, 1998; Wang & Kolen, 2001) .
Little research has been conducted on comparability between PBLT and CBLT using the standard procedures of rigorous psychometric research. The most recent research on CBLT is as follows. and Taylor et al. (1998) address issues about equity and bias of test-takers' performances on TOEFL CBT. The study looked at approximately 90 000 TOEFL examinees in terms of their experience with computers and a number of examinee background characteristics. Their research ndings reveal that more than 80% of the TOEFL population have at least moderate familiarity with computers, and that there was no evidence of adverse effects on the computerbased TOEFL performance due to lack of prior computer experience. Based on these ndings and the ever-growing use of computers, the issue of computer familiarity is not expected to constitute a serious concern about comparability between PBLT and CBLT. Fulcher (1999) used group comparison methods to ensure comparability required for computerizing an English language placement test. Using descriptive statistics and survey results, Kenyon & Malabonga (2001) compared test-takers' attitudes toward computer-assisted and other oral pro ciency assessment, concluding that there were no signi cant differences between attitudes toward these two modes of assessment. Sawaki (2001) overviewed essential considerations in comparability research on reading without employing analyses of real data.
Unlike the previous language testing studies, the present research attempts to analyse real data collected from EFL test batteries using rigorous psychometric research procedures as described above. Previous comparability research has frequently found signi cant order effects (i.e., differences in performance depending upon which test is administered rst) but has less consistently found signi cant mode by order interactions. The present study is therefore designed to explore not only order effects but also mode by order interaction effects within the framework of standard comparability research (Boo, 1997) . Furthermore, unlike conventional psychometric research in other elds, the present study attempts to conduct content analyses pertaining speci cally to language testing by incorporating both a qualitative approach considering content topics/functions and task types and a quantitative approach employing corpus linguistic techniques.
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With the psychometric approach to comparability studies, it is imperative that the possible impact of test method facets on interactiveness be explored from the perspective of language testing (Dunkel, 1991; Brown, 1997; Chalhoub-Deville, 1999) . In this context, the characteristics of CBLT in general and the versions of the TEPS used for the present study are discussed as follows.
a Presentation of input on multimedia display: In contrast to the PBLT, which is seriously limited in presenting audio-visual information, the CBLT has made it possible for test-developers to take full advantage of the multimedia mode and to present graphic and oral information to test-takers in a very realistic manner. This strength helps simulate reality in a language-testing context, thus maximizing authenticity and, presumably, enhancing validity as well.
· Listening comprehension: A typical CBLT of listening comprehension is usually administered in such a way that a picture is presented on the monitor display along with aural input for each question item. The dif culty level of each test item may depend on the varying degree of relevance of visual cues to the input. Idiosyncratic differences in individual schemata may, however, lead to a misunderstanding of visual cues on the display. Furthermore, misleading pictures may serve as distracters rather than ful lling the expected function of contextualization (Miller, 1999) . A listening comprehension test should, therefore, be designed to minimize the in uence of visual cues on input processing, as in the case of lectures and telephone conversations. For the present study, every effort was made to minimize the distorting effect of visual cues on test performance. Furthermore, the listening test of the present study presented all input (listening passages, questions, and answer choices) in aural mode to minimize unwarranted effects by varying the test-taking strategies testtakers are likely to employ when answer choices are presented in visual mode. · Reading comprehension: The effects of multimedia are equally signi cant for the CBLT of reading comprehension. Unlike the CBLT of listening comprehension, however, many visual factors involved in the CBLT of reading comprehension are likely to exert diverse effects on test-takers who are not accustomed to reading on a computer screen (Sawaki, 2001) . According to previous surveys, test-takers complain about eye fatigue caused by continued intense exposure to monitor screens (Boo, 1997; Larson, 1999; Choi, 2000) . Another dif culty with reading on a computer screen 300 Comparability of two types of language test is the necessity of using the vertical scroll bar to read lengthy passages. With computer and internet technology growing at an exponential rate, however, these problems may be solved easily as people become more used to reading from a computer screen. In the meantime, if the testing session is long, special interface designs such as intermittent breaks can be introduced between reading passages to allow test-takers to relieve eyestrain. Presenting lengthy reading passages in a page-like layout on the monitor display may be a desirable alternative that has been used with CommuniCAT, which was developed by the University of Cambridge Language Examination Syndicate (UCLES, 1998) . For the present study, one reading passage with a single test item was presented within one screen, so that no vertical scroll bar was needed. · Grammar: As for the CBLT of grammar, new desirable test methods can be facilitated by the inherent ability of computers to keep track of test-takers' responses in a sequential manner. One task that takes advantage of this capability involves reordering scrambled words in the correct order. Thus, this process-oriented task is expected to elicit test-takers' internalized syntactic structures and measure acquisition upon which production skills are based, and may be a desirable addition to conventional test formats including less reliable error-detection task types (Henning & Cascallar, 1992) and others. Unlike PBLT, CBLT allows visual experimentation of different orderings. It appears highly worthwhile for further research to investigate whether this added feature contributes signi cantly to measurement precision and to explore the possible discrepancy between PBLT and CBLT in terms of the impact of the respective test method facets on interactiveness between test-takers and test input. However, for the present study, the presentation of CBLT of grammar on the computer screen is essentially the same as that of PBLT, without any process-oriented task types. · Vocabulary: The currently available CBLT task types of vocabulary are basically similar to those of PBLT. However, it may be possible to make the most of multimedia effects by incorporating picture clues and making the test more context-embedded, especially in dealing with concrete words. It is also worth noting that the current state-of-the-art technology of automatic speech recognition makes it possible to assess active vocabulary and word-based pronunciation in a fairly reliable manner (Jurafsky & Martin, 2000) . For the present study, vocabulary items were presented in essentially the same way on the PBLT as on the CBLT.
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b Branching facility and local independence: Unlike conventional PBLT format, the branching facility of the CBLT enables testdevelopers to design item-sampling algorithms that deal with content balancing . Desirable sampling algorithms based on branching facilities may include content balancing, which considers context effects, content domains, topics/functions, task types, and dif culty levels. As the current CBLT employed in this study is to be developed into CALT, it is worth mentioning the fundamental consideration of local independence for CALT. In order to develop CBLT into CALT, it is desirable to meet local independence -one of the strong assumptions of IRT -by adhering to the principle of one-passage-one-item (Choi, 1994; . In the situation where multiple items follow one passage, the assumption of local independence can be violated. In other words, the local independence assumption is violated when the probability of answering an item correctly is dependent on the probability of answering another item of the same passage correctly, with the ability level held constant. This means that only when two items simultaneously measure integral comprehension of the entire passage or a speci c section of the passage is the local independence assumption violated. Such violation of the local independence assumption precludes the appropriate application of IRT whose theoretical framework serves as the fundamental basis of CAT (Hambleton et al., 1991; Van der Linden & Hambleton, 1997) . For example, the so-called one-passage-multiple-items principle of the TOEFL reading comprehension test makes it inevitable for TOEFL to be administered in a CBT format rather than a CAT. An alternative solution to this problem is a CAT-branching algorithm entitled a 'testlet,' which may provide a viable approach to the local independence assumption . For the present study, both the PBLT version and the CBLT version of the TEPS used the one-passage-one-item approach.
III Method

Participants
Students from ve universities (Seoul National University, Korea University, Konkuk University, Sungshin Women's University, and Seoul Women's University) participated in the experiment. Participants were randomly assigned to two groups to offset any effect of test order. Group A took the PBLT rst and then the CBLT, while Group B took the CBLT rst and then the PBLT. Group A consisted of 187 participants, and 183 and 158 valid data samples were collected from PBLT and CBLT, respectively. Group B consisted of
Comparability of two types of language test
158 participants, and 154 and 131 valid data samples were collected from PBLT and CBLT, respectively. To achieve the research goals, the study employed a quantitative approach including descriptive statistics, corpus linguistic analyses, correlational analyses, and conrmatory factor analyses (Bentler & Wu, 1995; SPSS, 2000) .
Instrument
To investigate the comparability between PBLT and CBLT, the present study employed a pilot form of TEPS that met adequate reliability requirements (Choi, 1994; Oller, 1995) . This form of the TEPS was drawn from a large item banking system (with over 20 000 items) and was composed of 200 question items (60 listening comprehension, 50 grammar, 50 vocabulary, 40 reading comprehension items). It was evenly divided into two parts in a split-half manner (even numbered items in one group and odd numbered items in the other group) with some adjustments made to evenly balance task types, the content topics, and item dif culty and discriminability. That is, 200 items were divided into a PBLT format test (100 items) and a CBLT format test (100 items), which could be considered parallel, or equivalent. Both tests were administered to the same group of subjects. The mean dif culty and mean discriminability indices of the PBLT and the CBLT are presented in Table 1 . It should be noted that cutting the test length in half would inevitably underestimate all correlation-based reliability and validity measures, and introduce sampling error in comparability measures.
IV Results and analyses
Content analyses
As the pilot test had been developed within the framework of the table of speci cations which was designed to evenly distribute items on the basis of topic/functions, task types, and dif culty, it was not dif cult to divide items evenly into PBLT and CBLT. Content bias between PBLT and CBLT was avoided by considering the topics of reading passages for the reading comprehension test, the communicative functions of listening passages for the listening comprehension test, the grammatical points for the grammar test, and the semantic categorization for the vocabulary test. As for the reading comprehension test, the serious problem of topic bias was avoided by evenly distributing 20 items for each of 10 categories, i.e., 2 items from humanities, 2 from social science, 2 from natural science, 2 from arts, 2 from literary essays, 2 from advertisements/ notices, 2 from manuals /instructions, 2 from formal/informal letters, 2 from newspaper articles, and 2 from graphs. As for the listening comprehension test, 22 items based on dialogs were evenly distributed among the following communicative functions:
1) Greetings/introduction; 2) Offering invitation/ making an appointment; 3) Requesting & offering help/granting permission; 4) Congratulating /complimenting /thanking; 5) Regretting/comforting/ encouraging; 6) Apologizing/ making excuses; 7) Complaining /expressing surprise; 8) Advising/warning; 9) Expressing opinion/ intention; 10) Exchanging information/ directions.
Eight items based on monologues were evenly distributed (one item per each category) among the following topics: 1) Instructions /explanations; 2) Telephone messages; 3) News/weather reports; 4) Advertisements /announcements; 5) Conference/ debate; 6) Humanities/social science; 7) Literary essays; and 8) Natural science.
As for the grammar test, 10 items were distributed among the eight different parts of speech and 15 items among the sentence structures (e.g., 1) Tense, 2) Mood, 3) Voice, 4) Participial structures, 5) Parallelism). As for the vocabulary test, 13 items were distributed in the format of dialog-based stems of colloquial English, and 12 items were distributed in the format of one sentence-based stems of written English.
distribution.
Along with the qualitative analyses of content for maximized balance of content, two corpus linguistic programs -Word Smith (Scott and Oxford University Press, 1995) and TACT (Lancashire et al., 1996) -were employed to conduct structural or quantitative analyses of linguistic content between the two tests. Table 2 reveals that the content of the PBLT was comparable to that of the CBLT with respect to the number of words and sentences, the average number of words per sentence, and type-token ratio (an index representing the relative variety of words used). It is worth noting that the type-token ratios of the CBLT and the PBLT were very similar to each other. The typetoken ratios of both the CBLT and the PBLT of listening comprehension were around 21. The type-token ratios of both the CBLT and the PBLT of reading comprehension were approximately 40. As for the grammar test of CBLT and PBLT, the ratios were 38 and 37, respectively. The ratios of the CBLT of vocabulary and the PBLT of vocabulary were 54 and 51, respectively. The average word length was almost identical across all the subtests. These ndings suggest that the CBLT and the PBLT are comparable with each other in linguistic content.
Descriptive statistics
Tables 3 and 4 present descriptive statistics and reliability indices for Groups A and B, respectively. The tables show that the score of CBLT of listening comprehension was higher than that of PBLT of listening comprehension for both groups. The opposite was true of the reading comprehension tests. These results may be accounted for by the survey ndings (Choi, 2000) mentioned above that subjects preferred listening comprehension tests in which visual clues are presented in a graphic format. Previous research has also found that in the CBLT of reading comprehension, however, the subjects who were familiar with the same test in paper format found it very dif cult distribution.
to read passages on the screen. In other words, test-takers who are accustomed to reading passages and taking notes with their pens, nd it uncomfortable to read passages without being able to use their pens for note-taking. It should be noted, however, that this can be only a matter of design ingenuity rather than inherent de ciency of CBLT since task types can be modi ed so as to allow note-taking, underlining, etc. As was pointed out above, the many subjects also complained that they found it dif cult to concentrate due to eye fatigue, and this may have been a factor in the present study. Tables 3 and 4 shows that all skewness and kurtosis indices were within 62, indicating that the data re ect a normal distribution. The overall discriminability indices (mean biserial) were over .4 for both the PBLT and the CBLT, with the exception of CBLT reading for Group B. Given the relatively small number of items, the reliability indices (alpha) were adequate (greater than .7) except for the PBLT of vocabulary and the CBLT of reading comprehension for both groups, and the CBLT of grammar for Group B. It is noteworthy that the reliability index of the CBLT of listening comprehension was higher than .8 for both groups. Considering that the only signi cant difference in test input between PBLT and CBLT lies in presentation of visual cues, this may be due to the fact that the new format of CBLT maximizes reliability or accuracy of measurement by enhancing the contextualization of listening passages with graphic clues on the screen. This highlights the positive effects of desirable test methods on test performance.
On the other hand, the reliability indices of the CBLT reading comprehension subtest were not adequate, particularly for Group B (.505). Given that the only signi cant difference in reading input between the two tests lies in the presentation mode, this may have resulted from the fact that the new format of CBLT reading comprehension exerted negative effects on reliability through eye fatigue and unfamiliar test methods. This underscores the potential negative effects of undesirable test methods on test performance. It is desirable that more systematic research be conducted to identify the possible effects of new CBLT test methods on test performance.
The results presented in Tables 3 and 4 also show that performance on all subtests was similar between Group A and Group B, suggesting that the order effects were negligible. More systematic analyses are covered in the Section 5, Comparability of constructs measured, below.
Correlational analyses
For correlational analyses and con rmatory factor analyses, the only valid data come from participants who took both PBLT and CBLT. 
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Dimensionality check
For successful implementation of CALT, it is essential to apply IRT, which lays the foundation for estimation algorithms. Application of IRT makes it necessary to ensure that the strong assumptions of IRT are not violated. As discussed above, the assumption of local independence is met by the so-called one-passage-one-item approach, which is the format of the test used for the present study (Choi, 1994) . The important assumption of essential unidimensionality of each subtest was checked with the program entitled Dimtest Statistics (Stout et al., 1991) , which was designed to produce a nonparametric approachbased T index that indicates the extent to which the assumption of unidimensionality is violated (see for a more detailed explanation, Choi & Bachman, 1992) . The greater the T index is, the more likely a test is to be unidimensional. The T indices presented in Tables 7  and 8 indicate that all the tests met the essential unidimensionality assumption for Group A and Group B at the signi cance level of .05. This can be attributed to the fact that the test used for the present study was developed within the framework of IRT. One important aspect of comparability of PBLT and CBLT is the degree to which the constructs measured by the two methods are similar. The following analyses address this issue by investigating the degree to which the two constructs converge using a variety of statistical procedures.
a Score variability, magnitude, and construct validity: The data for the magnitude of scores was analysed using a 2´2 ANOVA design with one within-subject factor -Administration Mode (1 = CBLT, 2 = PBLT) -and one between-subjects factor -Mode Order (1 = CBLT rst/PBLT second, 2 = PBLT rst/CBLT second). Raw scores for the four subtests were used as the dependent variables.
Mode Order was included as a variable in the design because prior studies have sometimes revealed Mode´Mode Order interaction effects. If an Administration Mode´Mode Order interaction were found, it would indicate differential mode carry-over effects, thereby invalidating direct interpretation of the administration mode's main effect. In such a case, the researcher would focus on a betweensubjects analysis of the rst set of data collected from each participant. If the interaction effect is not statistically signi cant, the results for the within-subject administration mode effect can be interpreted directly.
· Variability of subtest scores: Means, standard deviations, and reliabilities (coef cient alpha) for subtests in each experimental condition are provided in Table 9 . Box's M test (Hair et al., 1998) was used to evaluate the equality of test score variances across mode and mode order conditions. The results supported the homogeneous variance assumption (which is required for robust applications of further statistical analyses) for the listening, grammar, vocabulary, and reading subtest scores (listening subtest 2(3) = 2.77, p , .43; grammar subtest 2(3) = 5.93, p , .12; vocabulary subtest 2(3) = .82, p , .84; reading subtest 2(3) = 2.36, p , .50). · Magnitude of subtest scores: ANOVA results for the magnitude of subtest scores are provided in Table 10 . The results suggest that there were no signi cant interaction effects between mode and mode order. However, there were signi cant mode effects for the listening comprehension, vocabulary, and reading comprehension subtest scores, but not for grammar. The mode effects for the listening and reading subtests were anticipated by the fact that distribution. Notes: Group A took the PBLT then the CBLT; Group B took the CBLT then the PBLT.
the majority of subjects found that the way in which graphic information was presented on the CBLT of listening and reading comprehension was quite different from that of the PBLT counterparts. The negligible mode effects for the grammar subtest could be accounted for by the fact that the way in which the CBLT of grammar was presented was not very different from that of the PBLT counterpart. Further research is needed to account for the signi cant mode effects for the vocabulary subtest, whose presentation is basically the same as the grammar subtest. · Construct-related validity of subtest scores: To determine the extent to which the same constructs might be measured across different administration modes, correlations among the four subtest scores, disattenuated correlations, and the invariance of the factor structure of four subtest scores across administration modes were examined. Table 11 shows correlations among the subtest scores in both modes, which were based on a combination of Group A and Group B. It can be seen that the correlations among the four subtest scores are similar across administration modes. The MTMM (Multi-Trait Multi-Method; Bachman & Palmer, 1981) approach dictates that assuming comparable reliability across subtests, these same subtest different mode correlations distribution. should exceed the correlations between different subtests in the same mode and the correlations between different subtests in different modes. This pattern of results holds strongly for the listening subtests and approximately for the grammar, vocabulary, and reading subtests.
distribution.
Since the subtest reliabilities were not equal, disattenuated correlations were produced using reliabilities in Table 9 and correlations between the same subtests in different modes. The disattenuated correlations for the four subtests were almost 1 (listening subtest's disattenuated correlation = .94; grammar subtest's disattenuated correlation = .99; vocabulary subtest's disattenuated correlation = .96; reading subtest's disattenuated correlation = .93). These results provide evidence that strongly points in the direction of comparability between the CBLT and the PBLT in question.
A con rmatory factor analysis was conducted using within-subject correlation matrices among subtest scores for both modes (Joreskog & Sorbom, 1997) . A model that had four correlated trait factors (listening comprehension skills, grammar, vocabulary, and reading comprehension skills) and two indicators for each factor (CBLT and PBLT scores) was postulated (see Figure 1 ). With this model, several combinations of increasingly restrictive equality constraints were examined across administration modes:
· factor loading equality (FL model); and · factor loading and uniqueness equality (FL & U model).
Uniqueness refers to true score variances and error variances. Parallel measures based on equal factor loadings and uniqueness do not correlate perfectly with each other (Allen & Yen, 1979) , because error variances are independent but of equal magnitude (Neuman & Baydoun, 1998) .
A model that has equality constraints for parameters is nested within a model that does not have such constraints (Bollen, 1989) . When the differences between two models are not signi cant, the more parsimonious model is ordinarily selected. Model t was evaluated with the Tucker-Lewis Index (TLI) and the chi-square difference test. Values of .90 or higher for the TLI are commonly interpreted as indicating an adequate model t (Bollen & Long, 1987; Marsh & Redmayne, 1994; Van de Vijver & Harsveld, 1994) .
The results in Table 12 reveal that the TLI values were suf ciently high under all equality conditions (for Equal FL model, TLI = 0.98; for Equal FL & U model, TLI = 0.97). In addition, the chi-square difference between No-equality and Equal FL models (chi-square difference (4) = 6.41, p , .17) was not signi cant. However, the chisquare difference between Equal FL and Equal FL & U models (chisquare difference (4) = 12.39, p , .05) was signi cant . These ndings provide some evidence that the factor structure for the four subtests was consistent across administration modes. Because consistent structural relationships become evidence of construct-related validity distribution. , the ndings support construct-related validity of CBLT scores. In addition, estimators for No-equality and Equal FL models are given in Table 13 . Correlations among trait factors are similar, and factor loadings between trait factors and indicators have similar patterns across administration modes. Since there was no signi cant depreciation of model t, the more parsimonious model with Equal FL is to be adopted. The result suggests again that the factor structure for the four subtest scores was consistent across administration modes.
In b Discussion: In general, the results from the study reported here support the comparability of the subjects' scores across the CBLT and the PBLT modes, with the grammar test receiving the strongest Inn-Chull Choi, Kyoung Sung Kim and Jaeyool Boo 315 support and the reading test receiving the weakest support. Con rmatory factor analyses showed that, in the Equal FL model, the factor loadings to listening ability traits had the largest values and those to reading ability traits had the smallest ones. These results support the ndings that the reading subtest scores have the weakest comparability across administration modes. The pattern of correlations among subtests, disattenuated correlations, and con rmatory factor analyses strongly support the comparability hypothesis that the CBLT and the PBLT measure the same constructs.
The ANOVA results suggest that the variability of the scores did not differ signi cantly across orders of presentation. The modeḿ ode order interaction effects were not signi cant for the four subtests; however, signi cant mode effects for all subtests with the exception of the grammar test were found. Especially large mode main effects were found for the listening test. The signi cant mode effects in the listening test may be attributed to the subjects' varying degrees of familiarity with exposure to multimedia in that the subjects interact with the CBLT of listening quite differently from the way they do with the PBLT of listening, due to the presence of visual information on the CBLT and the lack of it on the PBLT. The similar mode effects in the reading test may be attributed to the fact that the majority of subjects have dif culty concentrating on reading passages due to eye fatigue (as was indicated by the majority of test-takers in the aforementioned survey) caused by a relatively long period (more than an hour) of exposure to a bright CRT monitor screen. Employing advanced display equipment such as LCD monitors that reduce eyestrain can solve this eye fatigue problem. For further research focusing on CBLT reading comprehension, it may be well worth the effort to investigate where the source of the dif culty lies. In order to address this issue, it seems necessary to explore the effects of multimedia on observed dif culty with the simultaneous consideration of essential reading test factors such as the proposition variables (e.g., rhetorical structures, topic, genre) of the passage input, the linguistic features (e.g., syntactic complexities and vocabulary ) incorporated in the passage input, subskills to be measured (e.g., main idea, speci c information, inference ), and task types (e.g., gap-lling, question and answer, deletion).
V Conclusions and implications
The objective of the present study was to verify the comparability of PBLT and CBLT/CALT on the basis of content analyses, correlational analyses, ANOVA, and construct-related validation studies. The content analyses revealed that the sample tests representing distribution.
PBLT and CBLT were highly comparable in terms of content and linguistic features. The dimensionality check also revealed that the results did not violate the strong assumption of unidimensionality required by IRT, thus ensuring the appropriate application of IRT. The overall results of construct-related validation studies indicate comparability of the subjects' scores across CBLT and PBLT modes. The grammar test showed the strongest comparability, and the reading comprehension test the weakest comparability. The pattern of correlations among subtests, disattenuated correlations, and con rmatory factor analyses support to a certain extent that CBLT and PBLT subtests measure the same constructs.
Based on the ndings of the current study, further research is required to develop an appropriate IRT-based scoring scheme (Sands et al., 1997) and to devise robust estimation algorithms for a reliable and valid CALT model. Unlike the research on the PBLT test, the inherent characteristics of the CALT (which is tailored to individual test-takers in differing manners ) make it almost impossible to conduct validation research on a large scale. Thus, a more sophisticated simulation study is required for validation research on such CALT issues as test starting procedures, test length, item sampling algorithm, legitimate estimation procedures, selection of an appropriate IRT model, content balancing, termination procedures, and so on. .
